THE RELATIONSHIP between alcohol consumption, abuse, and dependence, and the endogenous opioid system (EOS) has been investigated frequently (7, 8, 10, 24, 28, 34) . Although the findings have been contradictory, it nonetheless appears clear that the effects of alcohol may become manifest via the EOS. Such a mechanism would account for the epileptogenetic effect of alcohol, and for the development of alcohol dependence (25) . This hypothesis is supported by the encouraging results obtained with naloxone, a well-known opioid receptor antagonist, in attempts to combat some states of acute ethylic intoxication (5, 6, 18, 30, 33) , and to avert convulsions during withdrawal (13) . However, at least one study failed to find positive effects of this drug in alcohol intoxication (38) . In addition, there is growing evidence that opiate antagonists reduce excessive alcohol drinking in alcohol-dependent animals (21, 35, 47) .
The association between alcohol and the EOS is apparently mediated by morphine-like substances, also termed tetrahydroisoquinolines (TIQs) (11, 15, 36, 37, 40, 43) , produced from the condensation of acetaldehyde-the main metabolite of ethanol-with dopamine, a neurotransmitter found in elevated concentrations in alcoholics (4, 49) . However, another study has refuted this mechanism (42) . The mechanism of interaction between alcohol and opiate receptors is unknown; one possibility is that alcohol may stimulate the release of endogenous opioids (26) .
Recent investigations have shown that adrenocorticotropic hormone (ACTH) is cosynthesized with /3-endorphin (/~-END); both peptides are fundamental elements in the organic response to stress, and are essential components of the same neuroendocrine system, with sometimes complementary functions and activities. Proopiomelanocortin (POMC) is considered the common precursor of these peptides, although it is broken down to other molecules such as 8-1ipotropic and 7-lipotropic pituitary hormones, corticotropin-like intermediate lobe peptide, and 7-, 7J-, %-, and /3-melanocyte-stimulating ' Requests for reprints should be addressed to Dr. J. L. del Arbol, Carrera del Genii 35, 18009 Granada, Spain.
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hormone (48) . Their common origin suggests that ACTH and fl-END are released simultaneously into the bloodstream (14, 26) .
In a previous study of the association between alcohol consumption and fl-END in chronic alcoholics, we found lowered plasma concentrations of/3-END, even after 1 month of abstinence (1). However, our findings for ACTH were inconclusive (2, 16) . The present study was designed to clarify the relationship between prolonged abstinence and/~-END, ACTH, and cortisol in a large sample of alcoholics.
METHOD
The test group comprised 70 chronic alcoholics (alcohol consumption greater than 100 g/day for more than 2 years); mean age of the group was 46.3 + 9.1 years. Subjects were recruited through an Alcoholics Anonymous association, and were assumed to be highly motivated. We relied on their selfreported intake, duration of abstinence, and other data as recorded in CAGE and MALT tests, and in other questionnaires designed to detect alcoholism. In addition, a full battery of laboratory tests, including mean corpuscular volume, GOT, GPT, and GGT, was done for each participant. At the time of the study none of the subjects was taking psychotropic medication that might have influenced the results. This group was divided on the basis of duration of abstinence into five subgroups: longer than 10 years (n = 9), 5-10 years (n = 9), 1-5 years (n = 12), less than 1 year (n = 20), and drinking at the time of study (n = 20).
The control group consisted of 80 apparently healthy subjects with a mean age of 44.37 _+ 11.04 years. Daily consumption was nil or less than 10-15 g alcohol. Subjects taking psychotropic medication, particularly benzodiazepines or analogues, were excluded.
In both groups we attempted to ensure that the levels of stress were similar. We informed all participants about the tests they were to undergo, and arranged their appointments so that the time and conditions of blood sampling were as similar as possible in the two groups. Eight milliliters of blood was taken from each subject and placed immediately in a test tube with 0.1 ml of a 6°7o solution of dipotassic EDTA. The plasma was kept on ice at 4°C and taken to the laboratory, where it was centrifuged at the same temperature and stored at -20°C until analysis.
Radioimmunoassay (RIA) was used to measure plasma concentrations of H-END (Allegro, Nichols Institute, San Juan Capistrano, CA), ACTH (ACTH-PR, Oris SA, Gif-surYvette, France), and cortisol (Cort-CTk-2, Sorin Biom6dica, Madrid, Spain).
The data were analyzed with BMDP statistics software. For each variable (H-END, ACTH, and cortisol), normality of the data in each group was checked with Shapiro and Wilk's test, which was significant for all variables. Comparisons between the groups were therefore made with the Kruskal-Wallis test, using multiple post hoc comparisons for combinations of groups and subgroups for which the differences were significant.
RESULTS
Plasma concentrations of H-END in alcoholic subjects ranged from 0 to 51 pg/ml, with a mean of 18.61 _+ 1.38 pg/ ml. Concentrations of ACTH ranged from 0 to 60 pg/ml in this group, with a mean value of 17.28 + 1.66 pg/ml. Concentrations of cortisol ranged from 11 to 35 ng/ml; the mean value was 20.37 + 0.78 ng/ml.
In controls, mean plasma concentration of /3-END was 39.31 + 3.44 pg/ml (range 11 to 99 pg/ml); mean ACTH was 13.27 +_ 1.85 pg/ml (range 1 to 60 pg/ml); and mean cortisol was 17.22 _+ 0.64 ng/ml (range 7 to 33 ng/ml). Figure 1 compares the mean concentrations and ranges of all three parameters in alcoholic subjects and controls, flEndorphin was significantly lower in alcoholics (p < 0.01), but no significant differences were found in ACTH or cortisol concentrations. Figure 2 shows the results in the subgroups of alcohol abusers classified according to duration of abstinence. In all subgroups, plasma ~3-END concentrations were significantly lower than in controls. In almost all subgroups, ACTH was higher than in controls, although the difference was significant only for the subgroup of alcohol abusers who had abstained for more than 10 years (p < 0.05). Plasma cortisol concentrations were similar in controls and all subgroups of alcoholic subjects; the difference approached significance (p < 0.1) only in the subgroup who had abstained from 1 to 5 years.
DISCUSSION
We found a significant decrease in plasma/3-END concentration in alcoholics, regardless of whether they were drinking at the time of the analysis or whether they had abstained for 1, 5, or l0 or more years previously. The decrease may be due exclusively to alcoholism, or to impaired synthesis, metabolism, or elimination of/~-END. The finding that concentrations remained low regardless of the duration of abstinence suggests either that 10 years is insufficient for plasma/3-END to recover normal levels or that the decrease may be a cause, rather than a consequence, of alcoholism (1, was the case,/~-END could be considered one more marker of alcoholism (27, 44) . Experiments in rats have yielded similar results, reporting decreases in adenylate cyclase activity that paralleled the drop in/~-END (31). However, some authors do not consider this mechanism responsible for the decrease in circulating opioid concentrations, suggesting instead that alcohol does not decrease, but increases adenylate cyclase activity in peripheral organs (29) .
Studies in humans of the relationship between chronic alcohol consumption and the EOS are scarce, and have provided contradictory results, as shown in Table 1 , which summarizes the most significant studies (1,2,12,19,22,26,41) . The discrepancies between these findings may be traceable to a number of factors such as differences in the criteria of inclusion and exclusion in the groups of alcohol abusers. For example, the authors do not state whether their subjects were long-term or short-term alcoholics, the amount of alcohol consumed, and the duration of abstinence. In other studies, alcohol abusers were subjected to different types of stress than the control group [e.g., the former were informed of the nature of the study, and were hospitalized 10 days (12) or 30-40 days (19) before blood samples were drawn, whereas controls were never hospitalized]. As noted in several studies, stress can increase plasma B-END concentrations (39) .
In the light of earlier studies and the current findings, and in view of the fact that peripheral levels of/%END may not accurately reflect central levels of opioidergic activity, which is presumably where important alcohol-opioid interactions take place, we suggest the following explanation for the relationship between alcoholism and the EOS: acute ingestion of alcohol, its metabolism to acetylaldehyde, and its binding to biogenic amines (mainly dopamine) lead to the formation of alkaloids similar to morphine (TIQs), especially tetrahydropapaveroline and salsolinol (11, 15, 32, 37, 45) . These substances displace/~-END from its specific receptors, which increases its plasma concentration. We recently obtained findings compatible with this hypothesis in individuals who were not habitual drinkers (del Arbol et al., submitted). These findings suggest that the symptoms of acute ethylic intoxication may be mediated by the binding of these metabolites to endogenous opioid receptors. This would explain why naloxone reverses some of the symptoms by acting as an opioid antagonist at the receptor sites (11, 18, 33) .
Chronic alcohol consumption may inhibit the synthesis of endogenous opioids through a negative feedback mechanism. In the presence of an exogenous supply of ligand for these receptors, production of the endogenous ligand is inhibited. The EOS may also be related with alcohol withdrawal: when the exogenous supply of ligand is cut off, endogenous production is delayed; this interval is characterized by the symptoms associated with withdrawal.
Recalling that plasma concentrations of/~-END remain decreased during periods of abstinence as long as I0 years, another possible explanation of our findings is that lower levels of /~-END may increase the risk for excessive drinking, as opposed to the likelihood that excessive drinking causes a 10-year downregulation in/~-END synthesis.
Few studies deal with the relation between ACTH and alcohol intake. Cortisol has been implicated in alcoholism (3), and in pseudocushing syndrome induced by alcohol (17) . Most authors assume that ACTH behaves in a manner similar to endogenous opioids, in view of their apparently common origin. Other studies have noted that plasma concentrations of ACTH and cortisol are not altered in alcohol abusers (46) , or are modified only is a small subgroup considered negatively affected dysphoric alcoholics (19) .
Earlier studies showed that chronic alcohol consumption decreases plasma levels of ACTH only in abusers with chronic liver disease or psychiatric disorder, regardless of the duration of abstinence (less than 1 month) (2, 16) . We found that alco- • Plasma levels of/~-endorphin not altered by chronic alcoholism, but decreased in cerebrospinal fluid (n = 29) (37).
• No differences in plasma #-endorphin levels between chronic alcoholics under tratament and controls (n = 34) (38).
• Plasma concentrations of/3-endorphin markedly elevated in alcoholisc with atypical subdepression against a background of poor personal functioning (n = 58) (39).
• Plasma/3-endorphin levels elevated only in alcoholics with signs of negative affectation and dysphoria (n = 14) (40).
• In chronic alcoholics, plasma/~-endorphin concentrations were decreased regardless of the background illness, even after 1 month of abstinence (n = 31) (28,29).
• Plasma/~-endorphin levels decreased in individuals at high risk for alcoholism. Basal/~-endorphin concentrations decreased in alcoholics after as much as 6 months' abstinence (n = 66) (28) .
holics tend to have slightly raised plasma levels of ACTH and cortisol, although the differences with respect to control values fail to reach significance (Fig. 2) . Plasma ACTH concentrations were significantly higher than in control only in subjects who had abstained from drinking for more than 10 years (p < 0.05).
The discrepancies between in the findings for ACTH in different studies may reflect the lower reliability of RIAs in measuring ACTH concentrations. These techniques are less sensitive than bioanalyses, and their specificity may depend directly on the antiserum used (20) . It is thus difficult to measure very low concentrations of ACTH with RIA.
In conclusion, further studies are needed to clarify the relationship between alcohol intake and changes in ACTH and cortisol. Our findings in the present study suggest that plasma concentrations of ACTH and cortisol are not significantly affected by chronic alcohol consumption.
